ABSTRACT This study was conducted to evaluate gene expression of the amino acid transporter in posthatch pigeon small intestine and the association of pigeon milk amino acid with the above transporter's gene expression. A total of 48 pigeon breeding families were randomly allocated to 8 groups of 6 replicates of one parental pigeon pair and 2 squabs. Samples of pigeon milk and duodenum, jejunum, and ileum were collected on d 1, 2, 3, 4, 6, 8, 10, and 14 post hatch. The results showed that levels of crude protein (8.93 to 15.56%) were highest in pigeon milk on an air-dry basis. Amino acid content in pigeon milk remained constant in the first 4 d, declined abruptly at d 6, then increased dramatically from d 8 to 14. There was a significant effect of interaction between age and intestinal segments on those amino acid transporters gene expression. mRNA abundance of ATB 0'+ , SNAT-2, LAT-4, rBAT, b 0'+ AT, EAAT-3 and PAT-1 was highest in the ileum; B 0 AT1, asc-1, and IMINO were predominate in the jejunum; and CAT-1 and y + LAT2 were greatest in the duodenum. Agerelated changes of amino acid transporter mRNA was inconsistent. mRNA levels of SNAT-2, rBAT, y + LAT2, b 0'+ AT, and EAAT-3 ascended with age, whereas that of asc-1, CAT-1, and IMINO diminished significantly. Levels of B 0 AT1 and PAT-1 mRNA abundance were minimized at d 6. However, few correlations were found between pigeon milk amino acid and the amino acid transporter gene expressions in squab small intestine. Our findings provide a comprehensive elaboration on ontogeny of the amino acid transporter in post-hatch pigeon intestine.
INTRODUCTION
The intestine plays a key role in assimilating final digestion and absorption of nutrients from diets through digestive enzymes and transport mediators expressed in the apical and basal membrane of enterocytes (Gilbert et al., 2007) . Proteins of amino acid transporters are capable of sensing amino acid flux in the enteric cavity (Hyde et al., 2003) , modulating movement of free amino acids across apical and brush border membranes of enterocytes (Zeng et al., 2011) , and regulating the intracellular amino acid pool as well as the downstream signaling (Hundal and Taylor, 2009) . In respect to substrate specificity of amino acid profiles, those transporters may be subdivided physiologically into systems as the neutral system, the basic system, the acidic system, the iminoglycine system, and the β-amino acid system (Bröer, 2008) . It has been theorized that nu-C 2016 Poultry Science Association Inc. Received May 9, 2016. Accepted August 2, 2016. 1 Corresponding author: xtzou@zju.edu.cn trient transporter gene expression could be used as an indicator for the growth and absorptive capacity of the small intestine (Li et al., 2013; Gao et al., 2016) .
Pigeons are distinguished from precocial birds as a type of altricial bird with unopened eyes and few feathers on d of hatch. Growth and survival of their squabs is dominant in comparison to other poultry species because of pigeon milk, a kind of nourishing regurgitation from parent pigeons. Pigeon milk has a potent stimulatory effect on growth both in vivo and in vitro (Shetty et al., 1992; Bharathi et al., 1994) . The extraordinarily high rate of squabs maturing is reportedly attributed to the holocrine pigeon milk feeding (Sales and Janssens, 2003) ; but due to sampling difficulties and ingested feed by the parent pigeon, the composition of pigeon milk is usually inconsistent, and a large variation of proteins (11.0 to 18.8% on as is basis), fat (4.5 to 12.7% on as is basis), and rare carbohydrates is reported (Sales and Janssens, 2003) . Considering the unique breeding patterns of pigeons, data on the nutrient requirements and hand-feeding of this domestic species seem very scarce.
To meet the needs of growth and development, the small intestine of pigeon squabs undergoes dramatic changes in intestinal morphology, digestive enzyme activities, and gene expression of nutrient transporters and digestive enzymes (Dong et al., 2012a; Dong et al., 2012b; Gao et al., 2016) . Previously, gene expression of oligopeptide transporter Pept1 and aminopeptidase-N, which facilitate the terminal absorption of protein in post-hatch pigeons, has been elucidated (Dong et al., 2012b) and that of transporters for free amino acids has been illustrated in precocial birds (Gilbert et al., 2007; Li et al., 2008; Miska et al., 2015) . Nevertheless, less is known about the temporal and spatial changes of amino acid transporter gene expression in this species.
In preliminary studies, exogenous nutrients such as carbohydrate and fat are applied for accelerating the small intestine development during the post-hatch period in domestic pigeons (Dong et al., 2013; Xie et al., 2013a) . As the primary food for a juvenile, pigeon milk has the highest content of crude protein on a dry-matter basis, and about 17% of the total nitrogen is in the form of free amino acids (Sales and Janssens, 2003) . However, limited information is available on the correlation of amino acid in pigeon milk and development of the squab small intestine.
Accordingly, this study was aimed at determining effects of d age and intestinal segment on mRNA expression of neutral, cationic, and anionic amino acid transporters, and imino acid transporters in the small intestine of post-hatch squabs, and evaluating the correlation between amino acid content in pigeon milk and mRNA abundance of those amino acid transporters in order to provide basic data for further hand-rearing of this species.
MATERIALS AND METHODS
This study was conducted in compliance with the Chinese guidance for animal welfare and approved by the animal welfare committee of Animal Science College, Zhejiang university (Hangzhou, China).
Birds and Husbandry
A total of 96 American King pigeon squabs (mixed sex) and 48 pairs of parental King pigeons (48 male and 48 female, one-year-old) were obtained from a commercial pigeon farm (Fengyu Pigeon Farming Co. Ltd., Zhejiang, China). Each pair of parent pigeons with 2 young pigeons was housed as a family unit in 3 layers of ladder cages with a feeder and drinking bowls in a ventilated aviary. Each cage (50 cm width × 55 cm depth × 55 cm height) was equipped with a manmade nest and a perch.
Parent pigeons were fed with a basal diet of unprocessed cereals and grit premix of vitamins and minerals based on the recommendation for feeding of adult pigeons (Sales and Janssens, 2003) , and the young squabs were fed with pigeon milk by parental pigeons post hatch. The ingredients and nutrient levels of parent pigeons diet are shown in Table 1 . The parent birds were fed 2 times daily (7:00 a.m. and 2:00 p.m.) and provided with water ad libitum. An ambient temperature of 10 to 25
• C, a natural illumination procedure of 12L: 12D, and a relative humidity of 60 to 70% were maintained during the experimental period.
Birds Slaughter and Sample Collection
These 48 family units were allocated randomly into 8 groups of 6 replicates of one pair and 2 young squabs.
, 10 (10 d), and 14 (14 d) post hatch, 12 squabs from each group were euthanized by cervical dislocation (Mobini, 2013) . It should be clarified that parent pigeons do not store pigeon milk in their crop cavity (Shetty and Hegde, 1991) . Examination of the lumen of the lactating parental crop and content of a recently fed squab demonstrates that the same milk-like material is derived from the crop of the parent bird instead of the immature bird (Beams and Meyer, 1931) . Pigeons have a bi-lobed crop that is beneficial for partial digestion of pigeon milk through microbial degradation (Shetty et al., 1990) . In addition, pigeon milk in a squab's crop may undergo specific changes during the transition period from the parental crop affected by activity of certain enzymes (Bharathi et al., 1997; Xie et al., 2013b) . For the reasons above, the definition of pigeon milk in the current study is referred to as crop contents of freshly fed squabs, which are assumed to represent true secretions from parent pigeons. Samples of pigeon milk as a semi-solid substance were collected rapidly within 2 h through a small slit on the crop of the sacrificed squabs, avoiding blood contamination as described by Shetty and Hegde (1991) . Although parent birds would feed the squabs until 4th wk after hatching, the appearance of pigeon milk was normally mixed with a substantial quantity of grain (parent food) after d 5 of its secretion so as to hinder the acquisition of pigeon milk in a pure form (Shetty et al., 1992) . Hence, fragments of grains mixed in the pigeon milk were carefully removed by hand, and the pure form samples on a common d were separately pooled as 3 determinations of 4 samples due to the limited content. It was reported that a maximum of 4 to 6 g of pigeon milk could be collected at a time (Shetty and Hegde, 1991) . The obtained samples were stored at -80
• C until analysis. The abdomen was opened carefully from the whole sacrificed squabs, and the small intestine was dissected from mesentery; digesta was squeezed out of the intestinal tract and rinsed with ice-cold saline. The segment of duodenum in the small intestine was considered as a loop encircling the pancreas (Klasing, 1999) . The position of Meckel's diverticulum was indicated as a boundary point of the intestine (Branton et al., 1988) . The ileum was defined as extending from Meckel's diverticulum to a point proximal to the ileo-cecal junction (Mitaru et al., 1985) , and remainder of the intestine was regarded as jejunum. The mid-segments of duodenum, jejunum and ileum with the entire alimentary canal were transferred into sterile tubes. After wrapping with a silver paper, the tubes were immediately frozen in liquid as aliquots for further mRNA expression analysis, and stored at −80
• C until use.
Pigeon Milk Analysis
Samples of pigeon milk were thawed at 4 • C, labeled, and dried in an oven at 65
• C for 8 h to determine the moisture content according to an official method of the Association of Official Analytical Chemists (AOAC, 2003) with modifications. The substance of dry matter was ground adequately for determination of crude protein, diethyl ether extraction, ash, minerals of calcium and total phosphorus, and amino acid contents according to the AOAC official methods (2003), respectively. To determine crude nitrogen, a 0.5 g sample of pigeon milk on an air-dried basis was digested with a copper catalyst and 10 mL of sulfuric acid at 420
• C for 2 h, then analyzed by an automatic azotometer (Kjeltec 8400, FOSS, Scandinavia, Denmark). To determine the crude fat, a 1.0 g sample of air-dried pigeon milk was packed in a filter paper, dried in the oven at 105
• C for 2 h, then transferred into the soxhlet extractor with diethyl ether. To determine the content of ash, a 2.0 g sample of air-dried pigeon milk was charred and burned at 550 • C for 3 h in the muffle furnace. Ash residues were decomposed, filtered, and transferred into volumetric flasks for calcium and total phosphorus determination. As for amino acids, samples were hydrolysed with 6 mol HCL at 110
• C for 24 h, and the amino acid composition was analyzed by an amino acid analyzer (Hitachi L-8900, Tokyo, Japan).
RNA Isolation and cDNA Synthesis
Total RNA was isolated from 100 mg of intestinal segments of the entire alimentary canal without digesta using an RNAiso plus reagent (Takara Bio Inc, Dalian, China) according to the manufacturer's instructions. Briefly, samples of intestinal tissue were ground in a powder form with a certain volume of liquid nitrogen in sterile mortars. The powder samples were reacted with one mL RNAiso plus reagent for 5 min at room temperature in 1.5 mL microcentrifuge tubes. Then 200 μL of trichloroformethane reagent was added to the tubes with a severe shock for 15 seconds. After standing for 3 min, the tubes were centrifuged at 10,000 × g for 15 min at 4
• C. 500 μL of supernatant was transferred into a new 1.5 mL microcentrifuge tube and mixed with 500 μL of isopropyl alcohol, kept standing for 10 min, and centrifuged at 10,000 ×g for 10 min at 4
• C. After removing the supernatant, one mL of 75% ethanol solution (v/v) was added to the tube to rinse the pullet of the RNA precipitation by centrifuging at 4000 × g for 5 min at 4
• C 2 times. After that, the precipitation was resolved in RNase free dH 2 O (Generay Biotech Co.,Ltd, Shanghai, China) for quality detection. The concentration (ng/μL) and optical density (OD) of the RNA was determined by NanoDrop 2000 UV-Vis spectrophotometer (Thermo-fisher scientific, Wilmington, MA). The OD ratio of 260:280 between 1.8 and 2.0 was considered normal. The quality of the RNA was inspected by 1.2% agarose gel electrophoresis.
Reactions of genomic DNA elimination and reversetranscription were performed using a PrimeScript TM RT reagent kit with gDNA eraser (Takara Bio Inc, Dalian, China) following the manufacturer's protocol. At step 1, genomic DNA elimination reaction solution was prepared on ice, and master mix I consist of 2.0 μL of 5× gDNA eraser buffer, 1.0 μL of gDNA eraser, and 6 μL of RNase free dH 2 O per reaction were dispensed into a 0.2 mL sterile PCR tube. One μL of RNA solution (up to one μg of total RNA) was added into the microtube and placed in a water bath at 42
• C for 2 minutes. At step 2, a master mix II for reverse-transcription reaction solution containing 4.0 μL of 5 × PrimerScrip Buffer 2, 1.0 μL of PrimerScript RT enzyme Mix I, 4.0 μL of RT Primer Mix, and 1.0 μL of RNase free dH 2 O per reaction was prepared on ice and mixed with the reaction solution from step 1 to synthesize the complementary DNA at 30
• C for 15 min and 85
• C for 5 seconds. + dependent cationic and Na + dependent neutral amino acid transporter 2; b 0,+ AT, Na + dependent cationic and zwitterionic amino acid transporter; asc-1, asc-type amino acid transporter 1; PAT-1, proton-coupled amino acid transporter 1; SNAT-2, Na + coupled neutral amino acid transporter 2; LAT-4, large nertral amino acids transporter small subunit 4; and GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.
Real-time PCR Reaction
cDNA samples were diluted 1: 10 with RNase free dH 2 O prior to qRT-PCR reaction. mRNA expression was assayed by a Stepone Plus Real-Time PCR system (Applied Biosystems, Foster City, CA). qRT-PCR reaction mixture consisted of 1.5 μL of cDNA template, 7.5 μL of FastStart Universal SYBR Green Master (Roche, Mannheim, German), 0.3 μL of forward primer (10 μmol), 0.3 μL of reserve primer (10 μmol), and 5.4 μL RNase free dH 2 O. Specific primers for the genes expressed in the intestine (Table 2) were designed by Primer Premier 5.0 software (Premier Biosoft, Palo Alto, CA), and GAPDH was used as the endogenous indicator gene. The PCR procedure for all genes included a denaturation program (10 min at 95
• C), an amplification and quantification program repeated for 40 cycles (15 s at 95
• C, one min at 60 • C), followed by a melting curve program designated as one circle (10 s at 95
• C, 30 s at 60 • C), and then 95
• C for 15 s with a heating rate of 0.3
• C per second. Standard curves were prepared for verification of target primers. Detection of samples were performed in replicate, and a negative control without the template were involved. Specificity of the PCR products were detected by 1.5% agarose gel electrophoresis stained with 1 × concentration of GeneGreen Nucleic Acid Dye (Tiangen Biotech Co., Ltd., Beijing, China). Relative mRNA expression for target genes was calculated by a method of 2 −ΔΔCt as described by Dong et al., 2012b . The Ct values for GAPDH were considered as an endogenous normalization standard (ΔCt). The averageΔCt value of 1 d duodenum served as a new calibrator to normalize the signal expressed in the intestinal segments.
Statistical Analysis
All data were subjected to SPSS 20.0 for windows (SPSS Inc., Chicago, IL). One-way ANOVA was applied for chemical analysis of pigeon milk. General Linear Model (GLM) was culled for gene expression of amino acid transporters. The model blocks for GLM procedure included the main factors of d age, gut segment, and interaction between them. The Tukey test was used for multiple comparison among treatments. Orthogonal contrasts were utilized for liner and quadratic response analysis. The Pearson product-moment correlation was implemented for determination of the correlation coefficients (CC S ) between amino acids in pigeon milk and amino acid transporter mRNA abundance in pigeon squabs. Values in tables were expressed as mean ± SEM. GraphPad Prism 6 for windows (GraphPad Software, Inc., San Diego CA, USA) was conducted for developmental analysis of amino acid transporters gene expression. Values in figures were shown as mean with range. Possibility values of less than 0.05 were regarded as significant statistically. 
RESULTS

Composition of Pigeon Milk
As shown in Tables 3 and 4 , content of crude protein was predominate in pigeon milk on a dry-matter basis, but the level of it decreased with age significantly (P < 0.05). Seventeen kinds of amino acids were identified in pigeon milk during 14 d of secretion. About 57.7 to 59.97% in the total amino acids was made up of 12 kinds of essential amino acids and 15.14 to 22.51% was composed of acidic amino acids of asparagine and glutamine. Essential amino acids of methionine, cystine, and histidine had a relatively low content compared with other essential ones. The content of pigeon milk amino acid did not undergo significant changes between 1 d and 4 d (P > 0.05). At 6 d secretion, a steep decrease was observed for each amino acid, followed by a dramatic enhancement during the d 8 to 14 secretion. The content of methionine, valine, histidine, glycine, leucine, serine, and alanine was significantly changed with age (P < 0.05).
mRNA Levels for Neutral Amino Acid Transporters in Pigeon Small Intestine
As shown in Table 5 , effects of intestinal segment, age, their interactions, and orthogonal contrasts with age on neutral amino acid transporter gene expression 1 Method of 2 −ΔΔCt was applied for calculation of relative gene expression with GAPDH as the endogenous control and the average ΔCt value of 1 d duodenum as the calibrator to normalize the signal; means within a column without a common superscript letter (a-d) differ significantly (P < 0.05); SEM standard error of the mean.
2 Interaction refers to the main effects of intestinal segments (S) and age (A).
in squab small intestine were listed in rows. There was significant interaction of age × intestinal segments (P < 0.01) for mRNA profiles of Na + and Cl − dependent neutral and cationic amino acid transporter (ATB 0'+ ), Na + dependent neutral amino acid transporter 1 (B 0 AT1), asc-type amino acid transporter 1 (asc-1), Na + coupled neutral amino acid transporter 2 (SNAT-2), and large neutral amino acids transporter small subunit 4 (LAT-4). mRNA abundance of ATB 0'+ was greatest in the ileum (P < 0.05), that of B 0 AT1 and asc-1 were in jejunum (P < 0.05). However, gene expression of SNAT-2 was lowest in the jejunum (P < 0.05). There appeared an inconsistent variation for mRNA levels of B 0 AT1, asc-1, SNAT-2, and LAT-4 according to age (P < 0.05). Expression level of B 0 AT1 was changed as a quadratic response and minimized at 6 d (P < 0.05). At the turning point of 6 d, expression level of asc-1 diminished linearly, while that of SNAT-2 ascended inversely (P < 0.05).
Gene expression patterns of ATB 0'+ , B 0 AT1, asc-1, SNAT-2, and LAT-4 in segments of the duodenum, jejunum, and ileum from squabs at Figure 1A ) and LAT-4 ( Figure E ), expression location was transferred from the proximal intestine or intermediate part to the hindgut after 6 d (P < 0.05). As for genes of B 0 AT1 ( Figure 1B ) and asc-1 (Figure C) , the jejunum played a predominant role in the transcription process (P < 0.05). Expression levels of B 0 AT1 ( Figure 1B ) increased from 6 d, while that of asc-1 (Figure C) declined linearly with age. mRNA abundance of SNAT-2 ( Figure 1D ) was elevated with age, and a sharp increase was observed in segments of the duodenum and ileum from 6 d (P < 0.05).
mRNA Levels for Cationic Amino Acid Transporters in Pigeon Small Intestine
As shown in Table 6 , effects of intestinal segment, age, their interactions, and orthogonal contrasts with age on cationic amino acid transporter gene expression in squab small intestine were listed in rows. There was significant interaction of age × intestinal segments (P < 0.01) for mRNA profiles of heavy chain corresponding to the b 0'+ system (rBAT), Na + dependent cationic amino acid transporter 1 (CAT-1), Na + dependent cationic and Na+ dependent neutral amino acid transporter 2 (y + LAT2), and Na + dependent cationic and zwitterionic amino acid transporter (b 0'+ AT). The crucial site for gene expression of CAT-1 and y + LAT2 were the duodenum (P < 0.05), and that of rBAT and b 0'+ AT were the ileum (P < 0.05). mRNA levels of rBAT, y + LAT2, and b 0'+ AT were increased with age (P < 0.05), while that of CAT-1 decreased linearly (P < 0.05). Figure 2D ) (P < 0.05), and transcription levels were increased from 6 d. Meanwhile, the duodenum was the primary segment respondeing to gene expression of CAT-1 ( Figure 2B ) and y + LAT2 ( Figure 2C ) (P < 0.05). Levels of CAT-1 mRNA declined dramatically from 6 d.
mRNA Levels for Anionic Amino Acid and Imino acid Transporters in Pigeon Small Intestine
As shown in Table 7 , effects of intestinal segment, age, their interactions, and orthogonal contrasts with age on anionic amino acid and imino acid transporter gene expression in squab small intestine were listed in rows. There was significant interaction of age × intestinal segments (P < 0.01) for mRNA profiles of excitatory amino acid transporter 3 (EAAT-3), Na + and Cl − dependent profile IMINO transporter (IMINO), and proton-coupled amino acid transporter 1 (PAT-1). mRNA levels of IMINO increased more dramatically in the jejunum than in the duodenum and ileum (P < 0.05). While the expressions of EAAT-3 and PAT-1 were greatest in the ileum compared with the jejunum, the duodenum was intermediate (P < 0.05). Gene expression of PAT-1 responded to squab age quadratically, and was minimized at 6 d (P = 0.05). Levels of EAAT-3 mRNA were increased according to age, which was in contrast to the decreased level of IMINO (P < 0.05).
Gene expression patterns of EAAT-3, IMINO, and PAT-1 in segments of the duodenum, jejunum, and ileum from squabs at 1 Figure 3A ) and PAT-1 ( Figure 3C ) was the ileum (P < 0.05), and mRNA levels for the genes in the ileum were increased with age. The vital position for gene expression of IMINO was the jejunum, and the mRNA levels declined slightly according to age.
Correlation of Amino Acid Transporters Gene Expression in Squab Intestine and Amino Acids Content in Pigeon Milk
As shown in Table 8, ATB 0'+ mRNA expression was positively correlated with threonine content (r = 0.602, P<0.05). CAT-1 mRNA expression was positively correlated with histidine content (r = 0.410, P < 0.05). IMINO mRNA expression was positively correlated with methionine content (r = 0.459, P < 0.05). PAT-1 mRNA expression was positively correlated with threonine (r = 0.493, P < 0.05) and cystine (r = 0.466, P < 0.05). No correlation relationship was detected among other amino acids and the transporters. Table 6 . Gene expression of cationic amino acid transporter in small intestine of pigeon squab post hatch (n = 12). 1 Method of 2-ΔΔCt was applied for calculation of relative gene expression with GAPDH as the endogenous control and the average ΔCt value of 1 d duodenum as the calibrator to normalize the signal; means within a column without a common superscript letter (a-c) differ significantly (P < 0.05); SEM standard error of the mean.
DISCUSSION
It is generally known that newly hatched squabs are fed on pigeon milk, which is derived from the parental crop, and without it they fail to thrive (Gillespie et al., 2011) . During the first few d post hatch, parent birds may stop eating to produce and deliver the pigeon milk uncontaminated by seeds to their squabs, even in a food-poor environment rather than forage food for their offspring directly (Mondloch and Timberlake, 1991) . Grain food from the parent diet is gradually introduced into pigeon milk until d 28 when the lactation has virtually ceased (Vandeputte-Poma, 1980) . Inconsistent with preliminary studies (Sales and Janssens, 2003) , pigeon milk in our test was mainly composed of proteins and lipids with crude protein being the predominant, and a decreased level of dry matter was observed with age.
In precocial broilers, dietary protein exerts a positive effect on growth performance (Corzo et al., 2011) . The proteins from diet would be broken down as oligopeptide or free amino acid for utilization, culminating in the form of free amino acid by the gastrointestinal tract (Miska et al., 2014) . As is known, amino acids play an important role in building blocks of proteins and polypeptides, and some amino acids regulate key metabolic pathways referring to maintenance, growth, reproduction, and immunity (Wu, 2003) . In terms of free amino acids in pigeon milk, acidic amino acid levels of asparagine and glutamine were extremely high in comparison with that of methionine, cystine, and histidine, implying that asparagine and glutamine might act as the major fuels for rapidly enterocytes proliferation (Wu, 2008) , and methinine was likely to be the maternally derived limiting amino acid for the squab. Content of each amino acid remained fairly constant during the first 4 d secretion as indicated in the current research, which was similar to that of lipids in the first wk post hatch (Shetty and Hegde, 1991) . The phenomenon suggested that parent birds were able to produce pigeon milk steadily during the first few posthatch d to allow their offspring to grow rapidly regardless of the adverse effects of surroundings (Mondloch and Timberlake, 1991) . At d 6, levels of amino acids declined, followed by a dramatic increment subsequently. Virtually, quantity of soaked grains cumulated gradually in pigeon milk from d 6 secretion, and it is difficult to obtain the pure form samples in the crop cavity of squab without contamination of grain particles, which are invisible to a naked eye (Vandeputte-Poma, 1980) . Generally speaking, composition analysis of proximate components and amino acid in pigeon milk offered a fundamental data for understanding nutrient requirements of the altricial species in guiding hand-rearing.
The growth rate of poultry depends extensively upon development of the small intestine, the primary site for enzymatic digestion and nutrient assimilation (Klasing, 1999) . For precocial birds, they are capable to adapt to high nitrogen dietary quickly (Ferket, 2006 ). In contrast, the altricial squabs are hatched in a less developed state and show an extraordinary growth rate (Gao et al., 2016) . A better understanding of the intestine development pattern of neonatal squabs may contribute to their survival and rapid somatic growth. As illustrated above, the exogenous pigeon milk had the highest crude protein levels, which were absorbed in free amino acids or peptide form across the enterocytes. Thus the present study depicted mRNA profiles of 12 genes that encoded proteins involved in amino acid transport across the enterocytes in separate intestinal segments of the duodenum, jejunum, and ileum.
Major sites for amino acid transporter expression are differentiated in the pigeon small intestine. ATB 0'+ recognizes both neutral and cationic amino acids (Pramod et al., 2013) . SNAT-2 is able to carry out net transport of neutral amino acids across the basolateral membrane of the enterocyte (Bröer, 2014 ). LAT-4 shows an apparent affinity on L-branched-chain amino acid (Bodoy et al., 2013) . rBAT is essential for combination with a light subunit of b 0'+ AT on the apical membrane of epithelial cells . EAAT3 has a high affinity for anionic amino acids of L-glutamate and D/L-aspartate . PAT-1 is involved in the absorption of small amino acids and their derivatives at the apical membrane of intestinal epithelial cells (Boll et al., 2004) . As indicated vividly, mRNA abundance of ATB0'+ (Figure 1A) , SNAT-2 ( Figure 1D ), LAT-4 ( Figure 1E ), rBAT (Figure 2A ), b0'+AT ( Figure 2D ), EAAT-3 ( Figure 3A) , and PAT-1 ( Figure 3C ) in the ileum a-c Different letters within the same time points indicate significant differences among intestinal segments (P < 0.05).
increased remarkably with age, indicating an increase in capacity for amino acid assimilation, which was in agreement with a preliminary founding reported by Miska et al. (2015) that expression of some specific amino acid transporters in the ileum was significantly higher in 21-day-old chicks compared to one-day-old chicks. B 0 AT1 and IMINO are important for the absorption of neutral amino acids from the duodenum, jejunum, and ileum (Pramod et al., 2013) . asc-1 mediates Na + -independent transport of glycine, L-alanine, L-serine, L-threonine, and L-cysteine . mRNA abundance of B 0 AT1 ( Figure 1B ), asc-1 ( Figure 1C ), and IMINO ( Figure 3B ) was predominate in the jejunum. CAT-1 mediates Na + -independent transport of cationic L-amino acids and Na + dependent cationic, and y + LAT2 preferentially mediates the efflux of L-arginine in exchange of L-glutamine plus Na + . Transcripts of CAT-1 ( Figure  2B ) and y + LAT2 ( Figure 2C ) were greatest in the duodenum.
In reference to age response, transcript levels of SNAT-2 (Table 5) , rBAT, y + LAT2, and b 0'+ AT (Table 6) , and EAAT-3 (Table 7 ) ascended gradually, which was similar to the increased expression profiles of y + LAT2, b 0'+ AT, LAT4, and SANT2 in the jejunum of domestic pigeons from one-day-old to 35-day-old (Gao et al., 2016) , suggesting that these transporters plays an important role in post-hatch development. With respect to changed folds, transporter of SNAT-2 increased almost 13-fold from 1 d to 14 d, indicating 1 Method of 2 −ΔΔCt was applied for calculation of relative gene expression with GAPDH as the endogenous control and the average ΔCt value of 1 d duodenum as the calibrator to normalize the signal; means within a column without a common superscript letter (a-e) differ significantly (P < 0.05); SEM standard error of the mean.
that the transporter of SNAT-2 is more important for neonatal squabs. The transcripts of asc-1 (Table 5) , CAT-1 (Table 6) , and IMINO (Table 7) diminished significantly, and that of B 0 AT1 (Table 5) and PAT-1 (Table 7 ) minimized at day 6.
During embryological development, the embryo depends on the yolk for nourishment via the yolk-sac membrane, and nutrients from the bloodstream are delivered through the basolateral surface of intestinal epithelial cells; however, several d later before hatch, the yolk sac is internalized into the body cavity and amniotic fluid is swallowed, and the function of brush border membrane becomes important for luminal nutrient assimilation (Li et al., 2008) . Expression patterns of amino acid transporters on the basolateral and brush border membrane are different in precocial chickens, and coordinated regulation of the brush border and basolateral membrane amino acid transporters is essential to maintain a controlled flow of amino acid from lumen to the bloodstream (Gilbert et al., 2007; Li et al., 2008; Miska et al., 2015) . In our test, the expression of brush border amino acid transporters ATB 0'+ , b 0'+ AT, EAAT-3, and rBAT increased with age, which demonstrated their importance post hatch in response to the mucosal surface area increase, and squabs adjust to a protein-based diet. On the contrary, the basolateral amino acid transporters of CAT-1 and asc-1 decreased according to age, implying their important role during embryogenesis, while the basolateral transporter mRNA levels of y + LAT-2, and SNAT2 upregulated, indicating they play a key role in transporting essential amino acids during both embryo development and the post-hatch period, and the regulation demonstrated in our study is coincident with the report in chicken intestine to a large extent (Li et al., 2008) . A segment × segment interaction was observed for ATB 0'+ , B 0 AT1, asc-1, SNAT-2, and LAT-4 (Table 5) , and rBAT, CAT-1, y + LAT2, and b 0'+ AT (Table 6) , as well as EAAT-3, IMINO, and PAT-1 (Table 7) . Age response is considered to be a generalized effect (Zeng et al., 2011) , therefore, the interaction may be attributed to segment effects biologically.
The results showed a weak correlation relationship between amino acid transporter gene expression in pigeon small intestine and pigeon milk amino acid (correlation coefficient was less than 0.700). Hence, It is inferred that no correlation existed between amino content and mRNA expression, suggesting that the increment in amino acid transporter gene expression was genetically programmed to prepare the pigeon for enteral nutrition and was not dependent upon the presence of exogenous feed (Dong et al., 2012) , which is similar to the relationship between fertilized egg amino acid content and mRNA abundance of amino acid transporters (Zeng et al., 2011) . As for chickens, factors such as nutrition levels (Corzo et al., 2011) , genetic selection (Mott et al., 2008) , incubation temperature (Barri et al., 2011) , and ambient surroundings (Sun et al., 2015) will alter the gene expression of nutrient transporters. Thus, factors that respond to a-c Different letters within the same time points indicate significant differences among intestinal segments (P < 0.05). the age-related and segment-induced changes of amino acid transporters in pigeon squab intestine need to be verified further. Our data show comprehensive characteristics of pigeon milk composition and development pattern of amino acid transporters in post-hatch squabs temporally and spatially. In addition, our results indicate that pigeon milk amino acid does not correlate with amino acid transporter mRNA levels in the small intestine of newly hatched squabs.
